Abstract-Traditional asphalt tank has many defects in its structure, which affects the quality of asphalt finished product, so it is necessary to optimize its structure. This paper proposed a method to improve the problems existed in the heating process of traditional asphalt tank, such as uneven heating of asphalt, low heating efficiency, and environmental pollution. This method could simulate the temperature fields of the traditional asphalt tank based on MATLAB PDE toolbox, as well as compare and analyze the means and standard deviation of the two temperature fields. The experimental results show that this method could efficiently solve the problems about uneven heating of asphalt, low heating efficiency, and environmental pollution. Under the condition of enough asphalt liquid, the optimized asphalt tank could utilize lower temperature fuel oil to preserve heat, which finally achieves to save energy, reduce consumption and reduce pollution.
INTRODUCTION
In recent years, due to the rapid development of the BRICs, the demand for asphalt is dramatically needed during the infrastructure construction process, which makes the transportation market of asphalt in a vigorous stage. At the same time, "The Belt and Road" will boost the economy of China's central and western regions, as well as the countries along the routes. As is known, the economy and infrastructure have a close relationship. Thus, the road construction of the central and western regions will be improved. The road construction will stimulate the development of China's asphalt market. Under the above conditions, it is expected that the demand for asphalt in China will gradually increase in the next few years.
In the past, the asphalt was preserved with a solid state and transported in barrels, which required large capacity and high cost. However, the asphalt tanks were hard to be recycled, leading to the environmental pollution in a certain degree. The reheating of asphalt released waste gas, which produced secondary pollution. Because of that, now the asphalt has been transported in a liquid state by specified asphalt carrier. The lightering of liquid asphalt requires the asphalt to maintain a certain temperature to ensure its liquidity. Then, it can guarantee the docking of asphalt go on well. Therefore, the asphalt loaded on ships must be heated continuously and insulated during the voyage to maintain the fluidity of asphalt.
The ship borne asphalt tank locally heats the asphalt to achieve its heating and insulation characteristics. This heating method exhibits a better performance than static whole heating and dynamic whole heating, but still needs to be promoted in uneven heating of asphalt and severe thermal loss aspects [12] .
The capacity of ship borne asphalt tank usually reaches thousands of cubic meters, and the temperatures of all positions in the tank is with time variation. The temperature field of the asphalt tank is a kind of three-dimensional transient temperature field, and the corresponding heat conduction problem is three-dimensional unsteady heat conduction problem. However, the temperature of each point in asphalt tank is difficult to be obtained directly. In detail, the heating process of asphalt is unstable, and many factors affect its temperature (such as the surface temperature of tank, asphalt type, pump pressure, vacuum pump and tank vacuum etc.), which makes it difficult to forecast the temperature distribution of asphalt tank [10, 11] .
At present, a very small amount of related research has been conducted on the temperature field of ship borne asphalt tank. Thus, few specific model for references makes it difficult to set up temperature field module. At home and abroad, the main methods used to simulate three-dimensional unsteady state temperature fields are as follows: J.C. Shi has obtained the temperature field of ship borne oil tank through a great deal of research work; P.H. Yin has worked out a saving way to heat the tanker's cargo oil and created an equation for calculating the temperature field of the tanker's cargo tank [13] . Additionally, Z.B. Xu has solved a three-dimensional transient unsteady heat conduction problem of a short cylindrical steel ingot placed in a heating furnace based on the MATLAB PDE toolbox [5] .J.H. Xia has simulated the temperature field of freezing soil by using MATLAB PDE toolbox [3] . The two problems above are both transformed into two-dimensional heat conduction problems by coordinate transformation. S.H. Lou has used FLUENT to simulate the temperature field of the fire occurring stadium, concluding the best escaping route [7] . Similarly, F.T. Wang has used FLUENT and the SIMPLE algorithm to analyze the temperature field of the asphalt tank, comparing the temperature distribution of the asphalt tank which has mixing equipment or not [8] ; Y.L. Li has used the finite element analysis software ANSYS to analyze the coupled vortex flow field and temperature field of the edge induction heater [1] ; based on the Green function, H. A. D. Cruz has simulated the temperature field of a thick plate, a circular plate and a spherical plate with a saw tooth heat source respectively [6] ; according to energy equation and Fourier expansion formula; L. Choobineh has established the heat transfer model of the integrated circuit [9] . This paper proposed a method to promote the traditional asphalt heating tank, which aimed to deal with the obstacles of uneven heating of asphalt, low heating efficiency and large energy consumption during the heating process of traditional asphalt tank. Firstly, the article pointed out the defects of the structure of the traditional asphalt tank. Secondly, it determined the solving area, boundary conditions and parameters to simulate the temperature distribution of traditional asphalt tank by using the MATLAB PDE Toolbox, providing a further explanation to the shortcomings of the traditional asphalt tank. Thirdly, the structure of traditional asphalt tank was also optimized. Based on PDE Toolbox, its temperature field was obtained. Finally, it compares and analyzes the results between the traditional asphalt tank and the modified asphalt tank. The experimental results showed that the improved asphalt tank can avoid the uneven heating of asphalt in a certain degree and reduce consumption and pollution.
II. THE TRADITIONAL ASPHALT TANK

A. The Drawbacks of Traditional Asphalt Tank
The asphalt is the final product of crude oil Actually it is the remnant after oil refining. At room temperature, it is semi solid state. In order to pump the asphalt from the refinery to the ship or to place the asphalt from the vessel to the storage container ashore, it must be heated to the suitable temperature. TABLE I shows the relationship between the viscosity and temperature of the two types of asphalt. As the temperature increases, the viscosity of the asphalt decreases. CST is the unit of kinematic viscosity. Experience shows that the suitable temperature of asphalt lightering is about 160 degrees Celsius. Asphalt is the material with high viscosity. When the temperature is below 150 degrees, the pump can't work well. On the one hand, it may cause thermal loss and increase energy consumption; on the other hand, that will make the lowertemperature asphalt solidify, and fission of the higher temperature asphalt, resulting in the change of the performance of asphalt. What's more, large evaporation of the light fraction remaining in the asphalt may occur, leading to security risks and environmental damage. Based on the physical properties of the asphalt, the asphalt needs to be heated and insulated continuously to reduce its viscosity when transported. Then the asphalt is more easily conveyed by pipeline and unloaded into the container.
The traditional asphalt tank has a large volume and only lays a row of serpentine circular tube in the bottom of the tank; the thermal asphalt has low thermal conductivity and liquidity, on the heating process, which makes the temperature of asphalt near the heat oil pipe is much higher than the temperature of asphalt away from the pipe.
The asphalt in the traditional asphalt tank is unevenly heated, which seriously affects the quality of the finished asphalt and reduces the heating efficiency. And, the crude oil used for making asphalt costs too much, so these defects greatly cause waste of asphalt resources. Therefore, this paper aims at changing the laying of traditional asphalt hot oil pipes to realize energy conservation.
B. The Problem Description
The ship borne asphalt tank is heated by hot oil boiler and waste boiler, and use the circulating pump to keep the asphalt in flowage. The heating process of asphalt is unstable. Many factors (such as asphalt type, pump pressure, room temperature, boiler heating power, vacuum pump and vacuum in the tank etc.) causes the temperature of asphalt changing with time and the temperature difference between the points, forming the uneven temperature fields. Then building up the differential equation of heat conduction about asphalt tank and determining its temperature fields.
T expresses the instant temperature in the tank or on the tank surface:
T is related to spatial coordinates (x, y, z) and time t. Based on the theory of heat conduction, for the homogeneous and isotropic asphalt, the following three-dimensional unsteady heat conduction equation can be obtained by elastic mechanics:
In (2), is the heat conductivity of asphalt; is the heat volume of asphalt; represents the density of asphalt; q is the heat released from a unit volume of asphalt.
To solve the multivariate partial differential equation, it needs to determine boundary conditions and model parameters by empirical formula and data. Boundary condition includes the radiation temperature of asphalt tank and finite element analysis of temperature field of asphalt tank. Parameters include those determined by the nature of the asphalt (density, absorption coefficient, thermal conductivity, heat capacity etc.).Environmental parameters include surface emissivity, room temperature, and vacuum.
From the above analysis, it is almost impossible to solve (2) by complex integral calculation. Therefore, it is necessary to transfer the problem of three-dimensional unsteady heat conduction into two-dimensional unsteady heat conduction to analyze the temperature fields of asphalt tank. The partial differential equation (PDE) toolbox in MATLAB is a tool for solving partial differential equations by using finite element method. Numerical approximate solutions can be obtained through this tool. PDE toolbox can simulate different kinds of heat conduction processes and get the figure of temperature field (two-dimensional steady heat conduction process, onedimensional unsteady heat conduction process and twodimensional unsteady heat conduction process). The PDE toolbox can solve the unsteady heat conduction problem of a specific boundary condition directly [4] .
III. THE EXPERIMENT PROCEDURE
A. The Simulation steps
The size of ship borne asphalt tank is 10*10*10 3 m , and there is only a row of serpentine circular pipe laid on the bottom of the tank. In order to analyze the temperature variation of the traditional asphalt tank, this paper designed the experiment based on MATLAB PDE toolbox to simulate its temperature fields, and the experimental procedures are as follows:
Step1: Drawing the shape of the area to be processed. In this step, it sets the left view of the center position of the asphalt tank as the processing area. The center of the surface is the origin, crossing the origin to make straight lines parallel to the upper side and the left side, and the lines are set as the X axis and the Y axis. Then drawing the plane based on the distribution of the hot oil pipe in the left view of the asphalt tank. According to the actual situation, the hot oil pipe layout is set as an approximate rectangle whose center is at (0, -4.4) and area is 6*0.8 2 m .
Step2: Setting boundary conditions. It is a part of the PDE toolbox. There are three kinds of boundary conditions in the two partial differential equations: Dirichlet boundary condition, Neumann boundary conditions, and the mixed boundary conditions. In PDE toolbox, it only defines the first two boundary conditions. They are expressed as follows:
n c u qu g (4) In (3) and (4), n is the outer normal vector on the boundary ; g, q, h, r is the two-variable function on the boundary ; u is the unknown variable. In the PDE toolbox, h=1, c=1. In the heat conduction problem, whether the boundary surface has the initial temperature determines the first boundary condition, r is the value of initial temperature; the second boundary condition is related to the stable heat source, deciding the value of q, g. Under actual conditions, the bottom surface is divided into second boundary conditions, and the other three faces are the first boundary conditions, r=100.
The value of q, g is given by: 
Step3: Setting the equation parameters [2] . The PDE toolbox can be used to solve the parabolic partial differential equation (7):
The form of two-dimensional unsteady heat conduction is expressed as (8) :
The coefficients of two equations must be the same, which decides the value of d, c, f, a. Step4: Setting the initial value and the rate of mesh growth based on the actual need.
Step5: Solution.
B. The Simulation Results
After the above experimental steps, the simulation results of temperature field of traditional asphalt tank are showed as Fig.1 . The traditional asphalt tank has a large volume and only lays a row of serpentine circular pipe in the bottom of the tank, which makes the temperature of asphalt near the heat oil pipe is much higher than the asphalt away from the pipe. It may lead to uneven heating of asphalt, reducing the quality of asphalt products and the heating efficiency of asphalt, greatly resulting in the waste of asphalt resources. And it may cause environmental pollution. Therefore, it is necessary to improve the structure of the traditional asphalt tank.
IV. THE IMPROVING METHOD
A. The Improvement of Structure
In order to solve the problem of uneven heating and low heating efficiency in the traditional asphalt tank, this paper proposes a method to improve the structure of the traditional asphalt tank.
The front view, left view and top view of the improved ship borne asphalt tank are shown in Fig. 2, 3 and 4 .
The lower part of the prototype is a heating cabinet stored hot oil, which is used for heating the oil. The oil flowing through the heat pipe of the tank will eventually return to the cabinet and be recycled. The tank is welded with steel plates. There is a cover at the top of the box for the injection of asphalt and observation. Ten symmetrical temperature sensors are distributed on the front of the tank. They are used for measuring the temperatures at different positions of the tank. The wall of an asphalt tank is composed of insulating layers for reducing heat loss. The insulation layer is composed of mineral wool products like soluble carbon fiber or aluminum foil cloth, their density is in the range of 100 to 120 kg/m 3 ; the thermal conductivity coefficient is 0.0372W/m•K, the usage temperature at 600 .
As shown in Figure 1 , there exists the large temperature difference between the top and the wall and the area near the pipe. The improved asphalt tank lays two heating pipes more than the traditional asphalt tank. The heating pipes are placed on each side of the bottom, as shown in Fig. 3 . In next part of this paper, it simulated the temperature fields of the improved asphalt tank through PDE toolbox. 
A. The Overall Improvement Energy Consumption of Asphalt
Tank According to the previous experimental steps, the temperature field of the improved asphalt tank has been obtained. As shown in Fig. 5 . After improvement, it can be seen from TABLE III that the required temperature of hot oil has reduced. It shows that the improved asphalt tank reduces the consumption of heat oil and saves fuel and reduces the consumption of fuel.
B. The Mean and Standard Deviation of Temperature in the Asphalt
In this step, it exports about 10472 coordinates and corresponding temperature values of the traditional asphalt tank and the improved one. Then, it calculates their means and variances respectively. TABLE IV shows the distribution of the mean and standard deviation of the temperature. It can be seen that the average temperature of the improved asphalt tank is higher than the average temperature of the traditional asphalt tank.
What's more, the average temperature of the improved asphalt is closer to the suitable usage temperature of the asphalt. 1 2 T T s s shows that the temperature of the improved asphalt tank has less fluctuation than before and is more accurate than before.
It shows that the improved asphalt tank heats asphalt more uniformly and can improve the quality of asphalt products to a certain degree. Based on the theoretical analysis and simulation of the temperature fields of the traditional asphalt tank, this paper proposes a new method to modify the structure of the traditional asphalt tank in order to improve uneven heating of asphalt, low heating efficiency, and environmental pollution. Under the premise of the high quality of asphalt, this method could ultimately achieve energy conservation, environmental protection and green transportation with low cost. The feasibility of this method has been verified by the analysis and comparison in this paper.
